Three-dimensional resistivity switching between correlated electronic


























































































































































































The	more	slowly	varying	anisotropy		*+*∥ = 500 ∼ 800	in	the	intermediate	temperature	range	
between	40	and	140	K	is	evident	in	the	region	where	a	well	defined	thermally	activated	behavior	is	
observed.	The	relatively	large	resistivity	anisotropy	is		*+*∥ = 1500 ∼ 1800	in	the	NC	state	implies	an	
intrinsic	anisotropy	mechanism	for	the	electron	transport	that	is	unrelated	to	the	IP	ordering.		
Resistance	switching.	Considering	that	the	largest	change	of	lattice	constant	upon	CDW	re-





















current	densities	are	quite	similar	for	c-axis	and	IP	switching:	𝜌f ∼ 100@	 7ABC	and	𝜌qr ∼1.7	×100@ 7ABC	respectively,	while	the	applied	threshold	electric	fields	are	vastly	different	for	IP	and	






















































following.	Referring	to	Fig.	1,	we	name	the	contact	resistances	𝑅l, 𝑅v, … 𝑅x,	and	the	bare	sample	
resistances	between	the	contacts	as	𝑅v0@T ,	𝑅y0zT ,	𝑅v0zT ,	𝑅@0yT .	The	standard	4-probe	measurement	
using	contacts	1-2-3-4	and	5-6-7-8,	sourcing	the	current	between	1	and	2	or	5	and	8,	and	measuring	
the	voltage	between	2	and	3	or	6	and	7	respectively,	gives	us	𝑅v0@T 	and	𝑅y0zT 	respectively.		The	2-
probe	measurements	between	𝑅v0@	and	𝑅y0z	include	the	contact	resistances	such	that	𝑅v0@ =𝑅v0@T + 𝑅v + 𝑅@,	𝑅y0z = 𝑅y0zT + 𝑅y + 𝑅z,	𝑅v0z = 𝑅v0zT + 𝑅v + 𝑅z	and	𝑅@0y = 𝑅@0yT + 𝑅@ + 𝑅y.	




𝑅v0z 		+ 𝑅@0y − [(𝑅y0z − 𝑅y0zT ) − (𝑅v0@ − 𝑅v0@T )].	Assuming	uniform	sample	thickness	𝑡	and	equal	
contact	area	𝐴,	the	OP	resistivity	is	then	given	by	𝜌' = 𝑅v0zT + 𝑅@0yT 𝐴/2𝑡	as	plotted	in	Fig.	1.c.		
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Figure	captions	
	
Figure	1.	The	charge	density	wave	polaronic	structure	and	interplane	stacking	in	the	commensurate	
phase	of	1T-TaS2.	a)	Each	layer	supports	its	own	CDW,	which	may	be	viewed	as	a	hexagonal	array	of	
polarons.	The	Ta	atom	at	the	centre	of	each	polaron	is	colored	blue,	while	the	displaced	Ta	atoms	
are	red.	The	extent	of	each	polaron	is	schematically	indicated	by	the	blue	line.	b)	the	detailed	
structure	of	the	polaron	showing	atomic	displacements.	c)	definition	of	the	lattice	and	the	CDW	
basis	vectors	within	the	commensurate	in-plane	structure	and	the	lattice	positions	defining	the	
stacking	order	according	to	29	d)	the	C	state	helical	layer	stacking	in	the	sequence	0-11-0-7-0-8-0…	
observed	by	Ishiguro	and	Sato	29.	
Figure	2.	The	in-plane	and	out-of-plane	resistivity	of	1T-TaS2	as	a	function	of	temperature	measured	
on	a	multiple	contact	device.	(a)	A	schematic	diagram	of	the	circuit,	(b)	a	microscope	image	of	the	
sample	showing	the	contact	configuration.	The	contact	spacing	is	10	𝜇𝑚.	The	masks	(indicated)	
prevent	unwanted	currents	through	the	side	of	the	sample.	(c)	The	in-plane	resistance	𝜌∥	is	a	4-
probe	measurement,	while	𝜌'	is	a	2-contact	measurement,	with	the	contact	resistance	subtracted	
(see	Methods).		The	right	panel	shows	a	Arrhenius	plot	of	𝜌∥	and	𝜌'	revealing	activated	behavior	
over	more	than	one	order	of	magnitude	of	resistance	between	40	K	and	140K.	The	insert	shows	the	
anisotropy	of	the	resistivity	𝜌∥/𝜌'	in	the	C	state.		
Figure	3.	Resistance	switching	in	1T-TaS2	at	20	K.	a)	the	temperature	dependence	of	the	c-axis	
resistance	(including	contacts)	before	and	after	the	application	of	a	10	V	50	µs	pulse.	The	insert	
shows	the	contact	configuration	and	an	image	of	the	sample.	The	width	of	the	contacts	is	10	𝜇m.	
Note	the	mask	at	the	edges,	designed	to	prevent	current	leakage	from	the	sides.	b)	The	switching	of	
 	
	
	 14	
the	in-plane	resistance.	The	linearly	extrapolated	NC	resistance	value	is	shown	for	reference.	The	
insert	shows	the	threshold	for	switching	along	the	c	axis	with	100	ns	pulses.	
Figure	4.	Relaxation	of	the	H	state	resistance	at	different	temperatures	after	switching	with	a	50	𝜇𝑠	
pulse	(a).	Note	the	steps	superimposed	on	the	smooth	relaxation.		B)	An	Arrhenius	plot	of	the	
activation	energy	𝐸7	obtained	from	the	fit	to	the	resistivity	relaxation	data.	
Figure	5.	Resistance	switching	with	different	applied	pulse	lengths	(a).	The	C	state	is	reset	each	time	
by	heating	the	sample	to	300	K	in	between	measurements.	(b)	The	relaxation	of	the	resistance	after	
application	of	“erase”	pulses	of	different	lengths	(indicated),	leading	to	different	final	states.	(The	
contact	resistance	is	not	subtracted.)	
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